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Abstract 

A critical assessment of the available calculations of the top quark 
width is presented. QCD corrections, the finite mass of the h 
quark and the effect of the W width are included as well as the 
electroweak corrections. The relative importance of these correc- 
tions is demonstrated for the realistic range of top masses. For 
the QCD corrected decay rate we use the formulae from and 
include the electroweak correction taken from 0. Our results 
differ from those available in the literature because all the later 
calculations ignored the effect of W width discussed earlier in 
[in . This leads to an effect comparable in size to the electroweak 
correction. 
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1 Introduction and summary 



The discovery of the top quark has been anticipated since many years at 
accelerators of increasing energy. Present hopes are based on analyses of 
high precision data and the standard theory, see 0. The top is the first 
heavy quark whose mass can be measured to better than 1% precision at 
a future e^e~ collider. Therefore, measurements of its width will not only 
test the standard model at the Born level, but also the QCD radiative cor- 
rections which are of order 10% . This is in contrast to h and c quarks, 
where uncertainties in the masses and non-perturbative effects preclude this 
possibility. 

Recently, the complete one loop electroweak corrections to the total rate 
have been also calculated p|, Q , and turned out to be rather small (1-2%) . 
Nevertheless, it has been claimed ^ that a precise measurement of the top 
width may serve as a consistency check for the electroweak sector of the stan- 
dard model. In fact a number of calculations have been performed studying 
electroweak effects on the top width in theories extending the standard model 
[^] . In particular it has been found that the additional corrections from the 
extended Higgs sector of the minimal supersymmetric standard model are 
significantly smaller than 1%. 

In this article we give the standard model predictions for the top quark 
width. Our results are different form those in [0, ^ because we include 
the effect of W boson width considered in |]1| and neglected in later works. 
This effect is comparable in size to the electroweak corrections. A number 
of intrinsic uncertainties remains. The present uncertainty in and the 
ignorance concerning the QCD correction of order 0{as'^) limit the accuracy 
of the prediction to about 1-2%. One has to take into account also the errors, 
both experimental and theoretical, in the determination of the top mass. 

At present the best place for a precise determination of is believed to 
be the threshold region for ti production in e^e~ annihilation. The most 
optimistic current estimate of the relative precision is 5% . Therefore, it 
is mandatory to give the theory prediction which as the one presented in this 
article is accurate up to order of 1% . 



2 QCD corrected decay rate 



We assume throughout three families of quarks. Thus the effects of CKM 
mixing are negligible. The QCD corrected width of the top quark is given 
by the following formula 0]: 
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The functions Fo(?/, e) and Fi(?/, e) read [| 
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Fo(l/,e) = 2V^(l'^'^')^o(l/,e) 
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Above threshold for real W production the rate (1) can be approximated 



by: 
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a result valid in the narrow width approximation 



(9) 



^We slightly simplify an original formula from [1] using relations between dilogarithms. 
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Neglecting e one arrives at the following relatively compact expressions: 
Fo(i/,0) = 2(l-y)2(l + 2y) (10) 

andQ: 

fiy) = F,iy, 0)/Fo(2/, 0) = — - - + 2 Iny ln(l - y) + ALi^ y - 2y + 
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(11) 



The formula (1) has been derived in |I| and tested in 0, |] . When applied 
to charm decays, i.e. in the four fermion limit, it reproduces the numerical 
results for the total rate . 

The formulae (3-6) including the b quark mass corrections have been 
tested by a numerical calculation in [0. Although performed by the same 
authors this calculation should be considered an independent one since it was 
based on a completely different technique and matrix elements equivalent to 



those derived in the classic papers on muon decays [10| in a form adopted 
in [jll| for charm decays. Furthermore we have observed that these formu- 
lae after an appropriate analytical continuation are equivalent to formulae 
in 



T2| describing vacuum polarization effects from heavy quarks in the W 
boson propagator. 

Independent calculations including non-zero b quark mass have been per- 
formed in [2] and The authors found a numerical agreement of their 
results with the formulae (3-6). 

The massless limit, eqs. (10-11), derived in [1] was rederived and con- 
firmed by a number of groups [|1^]-[|T5|. 

We proceed now to the discussion of the numerical predictions for the 
decay rate and the quality of different approximations. As our input we use: 



Mw = 80.10 GeV §, m,, = 4.7 GeV, as{Mz) = .118 ± .007 pf and Mz 
91.187 GeV §. 

Then ^^(mj) is derived from the formula 



n, (n\ — 47r 1 _ bi min(^-/A' ,-.cy\ 



6o = 11 - iNf, bi = 102 - f 



^This form clearly exhibits limiting behavior 
for small y, and 

47r^ 9 

/(y) = 31n(l-y) + — -- + ... 

for y ^ 1^ . Although stated in the text, these limits are not manifest in the original 
formula given in |^ . 
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for Nf=5 quark flavours. Uncertainties in the input value of as{Mz) as well 
as the second order corrections O(as^) ) which have not been calculated yet, 
lead to an error which we estimate to be of order 1%. In Table 1 we give 
our results for the widths obtained from different approximations as well 
as from the formula (1). Since most other authors present their results in 
comparison with the zeroth-order result obtained in the narrow width 
approximation, we define 

= r«/r(°) - 1 (13) 

where i = 0,1 corresponds to the Born and the QCD corrected rate re- 
spectively, and the widths in the numerators include the effects of the W 
propagator, cf. eq. (1). Analogously we define S^^ which is given by the ra- 
tio of the QCD corrected and the Born widths, both evaluated in the narrow 
width approximation, and 5^^2(0) ^'^^ massless b quark. 
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90.0 


.118 


.0234 


11.69 


7.88 


-3.81 


6.56 


.0249 


0.81 


.0251 


100.0 


.116 


.0931 


0.16 


-4.56 


-6.91 


-6.89 


.0867 


1.04 


.0876 


110.0 


.115 


.1955 


-1.44 


-6.81 


-7.83 


-9.22 


.1775 


1.20 


.1796 


120.0 


.113 


.3265 


-1.78 


-7.61 


-8.20 


-9.89 


.2942 


1.33 


.2982 


130.0 


.112 


.4849 


-1.82 


-7.97 


-8.37 


-10.08 


.4360 


1.43 


.4423 


140.0 


.111 


.6708 


-1.77 


-8.15 


-8.44 


-10.10 


.6031 


1.51 


.6122 


150.0 


.110 


.8852 


-1.69 


-8.25 


-8.47 


-10.05 


.7962 


1.57 


.8087 


160.0 


.109 


1.130 


-1.60 


-8.31 


-8.49 


-9.99 


1.017 


1.62 


1.033 


170.0 


.108 


1.405 


-1.52 


-8.34 


-8.49 


-9.91 


1.266 


1.67 


1.287 


180.0 


.107 


1.714 


-1.45 


-8.35 


-8.48 


-9.84 


1.546 


1.70 


1.572 


190.0 


.106 


2.059 


-1.39 


-8.36 


-8.47 


-9.77 


1.857 


1.73 


1.890 


200.0 


.106 


2.440 


-1.33 


-8.36 


-8.46 


-9.70 


2.203 


1.76 


2.242 



Table 1: Top width as a function of top mass and the comparison of the 
different approximations. 



3 Electroweak corrections 

The complete one loop electroweak correction to the standard model top 
decay have been calculated in [2] and If the lowest order width is 
parametrized by and Mw, cf. eqs. (1) and (9), the electroweak corrections 
are less than 2% for realistic top masses. In particular there are no sizable ef- 
fects arising from Yukawa couplings [jl^ Q . For 100 GeV < rrit < 200 GeV 

^We thank Andre Hoang for checking that this important resuh is in agreement with 
[2] when the latter calculation is restricted to the leading O {rrit^ / Mw^^ contribution [l8| . 
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and Higgs mass Mh > 100 GeV the potentially large O [mt^ / Mwj contri- 
bution from the diagrams with Yukawa couplings are smaller than 0.2% , and 
hence much smaller than other, subleading in mt terms. The dependence of 
the correction on Mh is weak; see [2] for details. In the following we assume 
Mh = lOOGeV . 

Strictly speaking rrit, Mz, Mw, and Mh cannot be treated as indepen- 
dent parameters. The standard model and the existing data imply a relation 
between them. For our choice of the masses one can neglect this effect, 
provided is not too close to the present experimental lower limit. The 
corresponding change of the Born width is -2.6%, -0.8%, and less than 0.3% 
for rrit = 90, 100, and > 110 GeV, respectively. Therefore we ignore the 
above mentioned relation and treat all the masses as independent parame- 
ters. If the measured M\y and Mh turned out to be very different from the 
values assumed in this paper, it would be straightforward to evaluate the 
corresponding change of the Born width. 

The width of the top quark including the electroweak correction can be 
evaluated from the formula 

Tt = r(i) [1 + 6e^] , (14) 

and a simple parametrization 

5e»(%) ^2- 1.5y (15) 

has been obtained by us from Table 1 in [2]. The results for Fj calculated 
using (14) and (15) are given in our Table 1. 

It should be noted that the size of the electroweak corrections is compa- 
rable to the uncertainties from as yet uncalculated 0{as'^) corrections and 
the present uncertainty in the value of a^. The electroweak corrections are 
furthermore sensitive to the details of the Higgs sector, as exemplified by the 
recent calculations in the context of the two Higgs doublet model . 
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